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1. Plans for next year : no change. 
2. Studies conducted during the current year : 
This is the first year of this new project. Substantial 
effort was devoted to train new personnels ( one post doctoral 
fellow and two graduate students ) and initial setup. In addition 
the following tasks were accomplished: 
(i) Worked out detailed procedures for isolating two types 
of dihydrofolate reductases (DHFR) from E. coli. 
Approximately 200mg 	of E. coli chromosomal DHFR were 
isolated from 200g cells using methotrexate(MTX) 	and DEAE 
columns. MTX column was prepared by first couple diaminohexyl 
arm to the sepharose column. MTX was then attached to the arm 
group. 20 grams of MTX-sepharose resin was prepared. DEAE column 
was used to wash out protein-bound folic acid which was used to 
elute out DHFR from the affinity column. Scale up production for 
the R67 plasmid DHFR proved to be more difficult and time 
consuming because of the need to go through four columns. It 
takes roughly one month to process through one batch. At present 
we have 100mg of this protein. The poor solubility of both 
dihydrofolate and trimethoprim (TMP) also cause some problem in 
protein assay and cell growth. All of this has been resolved. 
Along the way we have purchased serveral equipments which 
facilitate the isolation process. These include a sonicator, a 
tangential flow concentrator, a freez-dryer and a UV detector 
system. 
(ii) Isotopic labelling of TMP and NADP': 
We have synthesized one gram of (3',4'-d6)TMP. This was 
accoplished by converting 5-bromovanillin to syringaldehyde-d3 
with CD,ONa in the presence of a copper catalyst. The deuterated 
syringaldehyde was methylated with dimethyl sulfate d6 to yield 
the hexadeuterated 3,4,5-trimethoxybenzaldehyde. Reaction of the 
3,4,5-trimethoxybenzaldehyde with Beta anilinoacrylonitile 
produced the aldol condensation product which was converted tc, 
hexadeutero trimethoprim by reaction with guanidine HC1. This 
compound will be bound to DHFR for study. 
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Labelling of NADI'• and NADPH proved to be harder. High 
temperature H-D exchange method caused decomposition of NADP 4' and 
NADPH. A modified method using activated platinum in the presence 
of deuterium gas resulted in a complete exchange of C2, Cda, C5 
and C5 proton as determined by proton NMR. However, approximately 
20 % of the pyridyl ring was reduced. We are still experimenting 
with exchange conditions and purification method to optimize the 
procedure. 
(iii) NMR spectroscopy : 
(a) Solution conformation of NADPH : 
In order to study the conformation of NADPH in DHFR 
complexes we decided to determine the solution conformation of 
NADPH and to verify the resonance assignments by 2-D NMR. 2-D 
COSY experiments confirmed the previous assignments in the 
literature (Fig. 1 in Appendix). However the improved resolution 
at 400 and 500 MHz also allowed us to assign more resonances 
which were not resolved at low field reported in the literature. 
The conformation deduced from our data did not agree totally with 
hat reported in the literature. Specifically 2-D NOE data 
suggested that the sugar moity is 2'-exo for adenyl moiety and 
2'-endo for the pyridyl moiety at 30°C. There seems to be a 
temperature dependent conformational change. We are currently 
conducting time dependent NOE in order to quantify the 
internuclear distances. 
(b) Determination of C 13 tensors of trimethoprim : 
We have constructed an automated single crystal probe for 
determining tensor orientation using fast switching stepper 
motor which is under the direct control of the spectrometer pulse 
programmer. Fig. 2 shows some representative spectra. We are 
currently analyzing these data. However the complexity of the 
molecule and the broad linewidth present some ambiguities in 
determining the rotation plot. We will perform 2-D exchange 
experiments of Grant et al in order to resolve these ambiguities. 
The newly constructed probe is capable of performing these 
experiments. 
PHS 2590 (Rev. 9/86) 
	
PAGE 6 	 (Use continuation pages If 	 
 
I GRAN NUMBER 
1R29GM39779-01 
SECTION IV 
PROGRESS REPORT SUMMARY 
PRINCIPAL INVESTIGATOR OR PROGRAM DIRECTOR 
Huang, Tai-huang 
PERIOD COVERED BY THIS  REPORT 




Institute of Technology 	 April 1, 1988 	March 31, 1989 
TITLE OF PROJECT (Repeat title shown in ten 1 on first oagei 
Structure, Dynamics and Function of Dihydrofolate Reductase 
,SEE !NSTRUCTICNS) 
(c) Dynamics of trimethoprim : 
Fig. 3 shows the temperature dependent deuterium NMR spectra 
of amorphous and polycrystalline (3',4'-d6 )TMP. The breadth of 
the spectra confirms the presence of the well known methyl group 
rotation. No evidence of large amplitude benzyl ring motion can 
be seen. No difference between the amorphous and polycrystalline 
material can be found. 
3. Human subjects : Not applicable. 
4. Vertebrate animals : Not applicable. 
5. Publications : No work related to this project has been 
published. However we are preparing one manuscrip on the 
conformation of NADPH in solution. 
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PHS 2590 (Rev. 9/861 	 PAGE 7• 
Appendices: 
Fig. 1. 2-D NMR spectra of NADPH 
Fig. 2. Rotational variation of the 
13
C NMR spectra of single 
crystal TMP 
Fig. 3. Deuterium NMR spectra of (3', 4', - d6) TMP at various temperatures. 
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